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Abstract 



We are considering the production of charged spin-two gauge bosons in the gluon-gluon 
scattering and calculating polarized cross sections for each set of helicity orientations of 
initial and final particles. The angular dependence of this cross section is being compared 
with the gluon-gluon scattering cross section in QCD . 



1 Introduction 



An infinite tower of massive particles of fiigh spin naturally appears in the spectrum of 
different string field theories. It is generally expected that in the tensionless limit or, 
what is equivalent, at high energy and fixed angle scattering the string spectrum becomes 
effectively massless [H El [3], HI [5], [6] . In the open string theory with Chan-Paton charges 
these massless states can combine into the infinite tower of non-Abelian tensor gauge fields 
[7j and one could guess that the corresponding Lagrangian quantum field theory should be 
described by some kind of extension of the Yang-Mills theory. 

A possible extension of Yang-Mills theory which includes non-Abelian tensor gauge 
fileds was suggested recently in [TUl ITT 
rank-(s+l) tensor gauge fields A^Ai...a 







The non-Abelian gauge fields are defined as 
The gauge invariant Lagrangian describing tensor 



gauge bosons of all ranks has the form [TOl [TTl [12] 

£ = Ci + C2 + g3C3...., (1) 

where Ci is the Yang-Mills Lagrangian and Cs {s = 2, 3, ..) are Lagrangian forms invariant 
with respect to the extended gauge transformations [TOl [TTl [T2] . The Lagrangian C defines 
cubic and quartic self-interactions of charged gauge quanta carrying spin larger than one. 
For the lower-rank tensor gauge fields the Lagrangian has the following form [TOl [TTl [12] : 

''-'1 ~ ~ A ^ au^ av 



where the generalized field strength tensors are: 
= d.Al-d^Al + gr''^ A'^Al, 



*Tensor gauge fields A'^x-^ a-(^)j ^ — OjIj^,..., are totally symmetric with respect to the indices 
Ai...As. A priori the tensor fields have no symmetries with respect to the first index fi. In particular, we 
have A1^^ ^ A\^ and ^^^p — ^°p.p\ ^Vp' "^^^ adjoint group index a = 1, ...,iV^ — 1 in the case of 
SU{N) gauge group. 
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The definition of the Lagrangian forms Cs for higher-rank fields can be found in the previous 
pubhcations [TOl [11], |12] . The above expressions define interacting gauge field theory with 
infinite many gauge fields. Not much is known about physical properties of such gauge 
field theories and in the present paper we shall focus our attention on the lower-rank tensor 
gauge field ^^^5 which describes in this theory charged gauge bosons of spin two. We are 
interested in studying the first nontrivial interaction processes. In particular, we shall 
consider production of charged spin-two gauge bosons by a pair of vector gauge bosons. 

Our intention in this article is to calculate the leading-order differential cross section 
of spin-two tensor gauge boson production by a pair of vector gauge bosons in the process 
V + V T + T and to analyze the angular dependence of the polarized cross sections for 
each set of helicity orientations of initial and final particles. The process is illustrated in 
FigH] and receives contribution from four Feynman diagrams shown in Figl5]-Figl8l 

Below we shall present the Feynman diagrams for the given process, the expressions 
for the corresponding vertices and transition amplitudes. Then we shall calculate the 
polarized cross sections for each set of helicity orientations of the initial and final particles 
(see formulas (1331) . (I35p and (I57|) ) and shall compare them with the corresponding 

cross section of the vector gauge bosons V + V ^ V + V in Yang-Mills theory (see formulas 
( 146|) . p7|) . pHl) and (l38l) ). In Appendix A we are reviewing the well known result for the 
three-level scattering V + — + [9J and in Appendix B we shall demonstrate the 
gauge invariance of the transition amplitude. 

2 Summary of Feynman rules 

The Feynman rules for the Lagrangian ([T]) can be derived from the functional integral over 
the gauge boson fields A^, A^^,, ... [TDl [HI [I2]- The indices of the symmetry group G are 
a,b = 1, ...,d{G), where d{G) is the number of generators of the group G. The standard 
vector propagator is given by the expression 

The second-rank tensor gauge field A^a with 16 components describes in this theory three 
physical transversal polarizations [IDl [HI US]. The kinetic operator of the tensor gauge 
bosons 

1 X 2 
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b 

V 



a 

YY' 



b 



Figure 1: The vector - D'^^'^k) and tensor - A'^K^^,{k) gauge boson propagators are con- 
ventionally drawn as thin and thick wave lines. 
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(5) 



is a gauge invariant operator kaHaa-yy = 0, k^Haa-^^ = 0. It describes the propagation of 
massless particles with helicities two and zero because the equation Haa'y^{k)p'^{k) = 



has three independent solutions of the helicity two and zero. The propagator A|^^,^^,(A;) is 



defined through the equation Hj^^ A^)^^'^ \iW ~ '''VaxVdx following form: 



fc2 



n 



, 6 



ab 



where the residue can be represented as a sum of A = ±2 and A = helicity states: 



(6) 



(7) 



The standard Yang-Mills three-vector boson interaction vertex VVV in the momentum 
representation has the form 



VTp^k,p,q) = -gnF^p,{k,p,q) = -gr^'^[r^^f,{p-k), + r]^,{k-q)^ + vp,iq-p)a]- (8) 

The interaction vertex of vector gauge boson V with two tensor gauge bosons T - the VTT 
vertex - has the formOj [HI [12] 



V^%,Jk,p,q) = -g r'^F, 



where 



Fa&(3^^{k,p,q) 



[Vapip - k)y + r]aj{k - q)/3 + rjp^i^q - p)a\ria^ - 

-[ (p - k)j{riajr]dfS + VaaVfS-y) + ik~ q) IsiVa-yVa-f + VaaVjj) 



(9) 



(10) 



+ {k- q)dr]a^VPl + {k- q)^r]a-iVaP + (<? - P)aVl3lVai + (<? - P)-yVaaVP'y]- 



tSee formulas (62), (65) and (66) in [12] . 



a, aa 



c, YY 




b, 3 



Figure 2: The interaction vertex for vector gauge boson V and two tensor gauge bosons 
T the VTT vertex - V^%^^{k,p,q) in non-Abehan tensor gauge field theory [12]. Vector 
gauge bosons are conventionally drawn as thin wave lines, tensor gauge bosons are thick 
wave lines. The Lorentz indices ad and momentum k belong to the first tensor gauge 
boson, the 77 and momentum q belong to the second tensor gauge boson, and Lorentz 
index (3 and momentum p belong to the vector gauge boson. 

The Lorentz indices ad and momentum k belong to the first tensor gauge boson, the 
77 and momentum q belong to the second tensor gauge boson, and Lorentz index (3 and 
momentum p belong to the vector gauge boson. The vertex is shown in FiglJl Vector 
gauge bosons are conventionally drawn as thin wave lines, tensor gauge bosons are thick 
wave lines. 

In the Lagrangian ([2]) we have the standard four vector boson interaction vertex WW 



and a new interaction of two vector and two tensor gauge bosons - the WTT vertex, 



VXs{k,p,q,r) 



(11) 



v 




dk,p,q,r 




- ^g' f^'f^'iva^v^s- 
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d, 55' 




Figure 3: The quartic vertex with two vector gauge bosons and two tensor gauge bosons - 
the VVTT vertex - V^^^^^^^{k,p,q,r) in non-Abehan tensor gauge field theory [12j. Vector 
gauge bosons are conventionally drawn as thin wave lines, tensor gauge bosons are thick 
wave lines. The Lorentz indices 77 and momentum q belong to the first tensor gauge 
boson, 66 and momentum r belong to the second tensor gauge boson, the index a and 
momentum k belong to the first vector gauge boson and Lorentz index (3 and momentum 
p belong to the second vector gauge boson. 

- Vl3s{VaiVy5 + VaSV-,^) 



- ViSyiVaiVsS + VaSVSy) 

+ Vl3s{VaSVli + Va^Vjs)]- (12) 

In summary, we have the Yang-Mills vertex VVV ([HD, the new vertex VTT together 
with the Yang-Mills vertex WW and the new vertex VVTT (see Fig 1213]). 



3 Cross section and Matrix Elements 

The scattering process is illustrated in FiglH Working in the center-of-mass frame, we 
make the following assignments: ki = 0,0,1), = -^'(1, 0, 0, — 1), and = 
£■(1, sin 6', 0, cos^), ^2 = -£'(1, — sin^, 0, — cos6'), where ki^2 are momenta of the vector 
bosons V + V and qi^2 momenta of the tensor gauge bosons T + T. All particles are mass- 
less k\ = k2 = q\ = q2 = 0. In the center-of-mass frame the momenta satisfy the relations 
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q.=k(1,Sine,0,Cose) 




k2=k(1, 0,0,-1) 



q2=k(1,-Sine,0,-Cose) 



Figure 4: The scattering V + V T + T, shown in the center-of-mass frame. The ki, /c2 
are momenta of the vector gauge bosons V and qi,q2 are momenta of the tensor gauge 
bosons T. 

ki = —k2, (?2 = —Qi- The invariant variables of the process are: 

s = 2{ki-k2), t = -^{1 -cosO), u = -^{l + cosO), 

where s = {2E)'^ and 6 is the scattering angle. It is convenient to write the differential 
cross section in the center-of-mass frame with tensor boson produced into the solid angle 
dQ as 

where the final-state density is c/$ = -^^dfl. 

We shall calculate the polarized cross sections for the reaction V + V^T + T, to 
the lowest order in a = g'^/'in. The lowest-order Feynman diagrams contributing to the 
annihilation process of a pear of vector bosons into a pair of tensor gauge bosons are 
shown in Figl3]-FiglHl In order g"^, there are five diagrams. Vector gauge bosons V are 
conventionally drawn as thin wave lines and tensor gauge bosons T as a thick wave lines. 

The probability amplitude of the process can be written as a sum of four terms corre- 
sponding to each diagram. For the first diagram FigjS] we shall get 

iMf'"'^ = (14) 
= V^x^, ..'(-91, h, -P) Kf'^\p) Vf.t ,M -12) el e^f ', 

for the second diagram Fig|6]the amplitude is 



iMff""" = (15) 




CAA' 



b, V 



d, pp' 



Figure 5: The t-channel diagram corresponding to the creation of tensor gauge bosons by 
vector bosons V + V ^ T + T. 

for the third diagram FigIT] it is 

iMfjf = (16) 

and finally for the forth diagram FigJH] we have 

zMfy''' = V;tf^,,Ah, h, -q„ -q,) el e^^ e^f e^f ', (17) 

where is the wave function of the first vector boson and e^^ - of the second. The final 
tensor gauge bosons wave functions are e*^'^' and e*^'''. 
The total amplitude is a sum of four terms: 

iM = iMi + iMii + iMin + iMiv- (18) 

Here we have been considering only the first nontrivial diagrams FigjSj-FigJHl but because 
the Lagrangian ([T]) contains also high-rank tensor gauge fields of increasing order one should 
include their contribution into the total amplitude as well. In the actual calculations we 
shall use the tensor propagator ([6]) with 

2 

which, as it appears, sums the diagrams with high-rank tensor fields in the intermediate 
stateqil. The total amplitude is gauge invariant, that is, if we take longitudinal wave 



*The details will be given elsewhere. 
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Figure 6: The u-channel diagram for the process V + V ^ T + T . 

function for gauge bosons, then the transition amphtude vanishes (see Appendix B for 
details). 

Our intention is to calculate the physical matrix elements in the helicity basis for initial 
vector and final tensor gauge bosons. This calculation of polarized cross sections is very 
similar to the gluon-gluon scattering in QCD [8, 9J. The right- and left-handed vector wave 
functions are: 

enihr = 75(0, 1, t, 0) , eUhr = 75(0, 1, -i, 0) 

eRik2r = eL{hr , eLik2Y = eR{hr, (20) 

where ki = E{1,0,0, 1), kt^ = £'(1,0,0, —1) and the tensor gauge boson wave functions 
for circular polarizations along the g! direction are 

e^°(gi) = |(0, cos 6*, i, — sin 9) 0(0, cos 6*, i, — sin 9), 
e1"{qi) = ^{0, - cos9,i,sm9) ^{0, - cos9,i,sm9) (21) 

It is easy to check that the wave functions fl^ are orthonormal e^"(gi) 6^(^1)01, = 0, 
e^^"(gi)eij(gi)^„ = 1; e^^"(gi)eL(gi)^a = 1 and fulfil the equations 

Qie^aiqi) = Qief^aiqi) = 0, q2e^,a{q2) = 526^0(92) = 0, (22) 

The hehcity states for the second tensor gauge boson are e'^{q2) = e'^iqi) , ^^{^2) = 
e'^{qi), where Qi = {E, E sin 9, 0, E cos 9) and q2 = {E, —E sin 9, 0, —E cos 9). 
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a, |j 




c,AA' 



^' ' d, pp- 

Figure 7: The s-channel diagram for the process V + V ^ T + T. 

4 Helicity Amplitudes 

Now we can calculate all sixteen matrix elements between states of definite helicities. The 
scattering amplitude (fTS!) for any particular choice of helicities contains four terms. By 
plugging exphcit expressions for propagators (jll), (E]), (fTOil . vertices (l8l). (fTTl) .(191) . (1121) and 
helicity wave functions ( l20i) . ( l2Ti) into the matrix elements ( fT^ .( fT5l) . ( fT6l) and f |T71) we can 
find their explicit form. For the t-channel amplitude ([HD, corresponding to the diagram 
FiglSl we shall get the following sequence of sixteen polarization amplitudes 

iMi{LL LL) = iMi{RR RR) = -g^^f'""'f'^%l + cos^)(2 - cosO) 
iMiiLL ^ LR) = iMi{RR LR) = 
iMi{LL RL) = iMi{RR ^ RL) = 
iMi{LL RR) = iMi{RR LL) = -g^if''^^f^'^^{7-2cose + cos2e) 
iMi{LR LL) = iMi{LR RR) = -g^f^'f^^^l + cos0)(3 - 2cos0) 

iMi{LR LR) = 0, iMi{LR ^ RL) = 
iMi{RL LL) = iMi{RL RR) = -g'^\f'"'' + cos^)(3 - 2cos^) 

iMi{RL LR) = 0, iMi{RL RL) = 0. (23) 

For the u-channel diagram Figl6] the amplitude (ITSi) gives 

iMn{LL LL) = iMn{RR RR) = -c,2|jacej6de(^ _ cos^)(2 + cos^) 
iMii{LL LR) = iMii{RR LR) = 
iMn{LL RL) = iMn{RR RL) = 
iMn{LL RR) = iMn{RR LL) = ~g'^{f''^^ + 2cose - cos 2^) 
iMii{LR LL) = iMn{LR RR) = -g'^{f'"^^ f'^il - cos^)(3 + 2cos^) 
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c,AA' 



d, pp 



Figure 8: The contact diagram for the process V + V ^ T + T. 



iMn{LR -^LR)=0 



iMii{LR ^ RL) = 



iMiiiRL LL) = iMn{RL RR) = -g^if^^^f^^l - cos0)(3 + 2cos^) 



For the s-channel diagram FigI7]the polarization amphtudes (1161) are 



iMni{LL LL) = iMhi{RR ^ RR) = -c/^K/"'"/^'^' - /'^'^V'"') cos^ 
iMni{LL ^ LR) = iMni{RR ^ LR) = 
iMin{LL RL) = iMni{RR ^ RL) = 
iMiii{LL RR) = iMni{RR LL) = -g'^{{r"'f^^ - f'^'f^') cosO 
iMni{LR LL) = iMni{LR RR) = 
iMni{LR LR) = 0, iMiii{LR ^ RL) = 

iMni{RL LL) = iMni{RL RR) = 
iMin{RL LR) = 0, iMiii{RL RL) = 0. 

And finally for the contact diagram FiglH] the polarization amplitudes (fTTll are 

iMiv{LL LL) = iMiviRR ^ RR) = g'^jU'"'" f^" + f^^'P"^) sin^ 9 
iMiv{LL LR) = iMiv{RR ^ LR) = 
iMiv{LL RL) = iMiviRR ^ RL) = 
iMiv{LL RR) = iMiviRR LL) = g'^{{f'"'^ f^'^" + f'^^^p''^) sin^ 9 
iMiv{LR LL) = iMiv{LR RR) = gmf^^f"^^ + f'^^p^^) sin^ 9 

iMiv{LR LR) = 0, iMiv{LR ^ RL) = 
iMiv{RL LL) = iMiviRL -> RR) = g'^lW^'P^^ + t^^f""^) sin^ 9 
iMiv{RL LR) = 0, iMiviRL RL) = 0. 
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iMiiiRL LR) = 0, 



iMiiiRL RL) = 0. 



Thus only eight amphtudes out of sixteen are nonzero: VlVl — ^ TiT^, VrVr — > T^Tn^ VlVl 
TrTr, VrVr^TlTl, VlVr^TlTl, VlVr^TrTr, VrVl ^ TlTl, VrVl ^ TrTr. 
We can get total helicity amplitudes ( |T8i) summing corresponding terms from each diagram: 



iM 



LL^LL 



' 4 



+ r"7''"'"(4 + 5cose + cos2^) + 
+ /"'^7'"="(4-5cos^ + cos2^)l, 



iM 



LL^RR 



ig 



2 r 



jacejbde^^ + COS + /«'*7''-(3 - COS 



ade rbce i 



(27) 



f28) 



%M 



LR^LL 



' 4 



+ (1 + cos^)(2 - cos^)/'^^'^/^'^^ + 
+ (1 - cose)(2 + cose)f'"^''f'"'^ 



(29) 



To compute the cross section, we must square matrix elements fl27j) . fl28|) . fl29l) and then 
average over the symmetries of the initial bosons and sum over the symmetries of the final 
tensor gauge bosons. This gives 



d{G) 



at cm , 

32 d{G) 



124- 23 cos 20 + 3 cos 4^), 



g4 C|(G) 

32 d{G) 



(55 + COS 20), 



^Ecoi\Mlr^ll\' = ^ ^(61 -32 COS 20 + 3 COS 40), 

where the invariant operator C2 is defined by the equation f^t^ = C2 1. We can calculate 
now the leading-order polarized cross sections for the tensor gauge boson production V + 
V ^T + T. 

Helicity cross-sections. Plugging matrix elements ( l30i) . ( 13T|) . ( l32l) . into our general cross- 
section formula in the center-of-mass frame (fT3|) yields: 

a' Cl{G) 



(30) 



(31) 



(32) 



da 



LL-^LL 



da 



s 128d{G) 



(124 - 23 cos 20 + 3 cos 40) dil, 



a 



LL^RR 



cm 

s 12M{G) 



(55 + cos 20) dVt, 



(33) 



(34) 
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daLR-^LL = — (61 - 32 COS 2^^ + 3 cos 4^) d^, (35) 



where a = 



Unpolarized cross section. Adding up all sixteen helicity amplitudes and dividing the result 
by four in order to average over the initial boson spins we can get unpolarized cross section. 
Thus summing over helicities 

EcoLhel l-^P = T.COI 2\MlL^ll\^ + ^IMlL-.RR? + MMlR^Rr\^ = 



I9t 

128 d{G) 

for unpolarized cross section we shall get 



c/2^^^( 419-76cos20 + 9cos4^ ) (36) 



Ci(G) 419 -76 cos 20 + 9 cos 40 ,^ 

da = dn, (37) 

s d{G) 512 ' ^ ' 

where for the SU{N) group we have = jj^^-ifj- The production cross section of 

tensor gauge bosons (!37|) has characteristic behavior with its maximum at 6 = 7i/2 and 
decrease for small angles. 

This cross section should be compared with the analogous cross section in QCD. Indeed, 
let us compare this result with the gluon-gluon scattering ^ . The V + V ^ V + V cross 
section is 

^^^(4-»^ (38) 

s d{G) 32sin^0 ^ ^ 

This cross section increases at small angles 6* ~ 0, vr and therefore the scattering is mostly 
going into forward and backward directions and has its minimum in transverse direction at 
6 = 7t/2. The production cross section of spin-two gauge bosons (I57|) shows dramatically 
different behavior with its maximum in the transverse direction at = 7r/2 and decrease 
in forward and backward directions. One can only speculate that at high enough energies, 
may be at LHC energies, we may observe the standard spin-one gauge boson together with 
its new partner, spin-two gauge boson. 

5 Appendix A 

Here we shall review the well known result for the three-level gluon scattering V + V ^ 
V + V ^ in order to compare it with the tensor scattering considered above: V + V ^ 
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T + T. Because of the parity and crossing symmetry from 16 possible amphtudes only 5 
are different. We have the following equalities: 



iM{LL LL) = iM{RR RR), iM{LL RR) = iM{RR LL), 

iM(LL LR) = iM{RR LR) = iM{LR LL) = iM{LR RR) = 

= iM{LL RL) = iM(RR RL) = iM(RL LL) = iM(RL RR), 

iM{LR LR) = iM{RL RL), iM{LR RL) = iM{RL LR). 

Four Feynman diagram contribute into this scattering. The contribution of the t-channel 

diagram can be expressed in the form: 



iMi(LL LL) = M!/acey6de(39 _ 24 cos e + cos 26) cot^ | 
iMi{LL LR) = i^f^'^^fbde^in^ff 




(39) 



of the u-channel diagram as 



iMii{LL LL) = i£f^defbce^^Q ^ 24 cos 6 + cos 29) tan^ | 



iMii{LL LR) = '^f^'^^f'^'sm^e 



iMii{LL RR) = cos^ I 

iMn{LR ^ LR) = ^-ff-^e fce^3_^^ ^^34 I 

iMn(LR RL) = sin^ f, 



(40) 



of the s-channel diagram as 



iMiii{LL LL) = -i^V"^7"^'cos^ 
iMin{LL LR)^0 

iMni(LL RR) = -ig^ f'^^ f'^'^^ cos 9 
iMiii{LR LR) = 
iMiii{LR ^ RL)=0 



(41) 
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and of the contact diagram as 



iMiv{LL LL) = -ig"'' 



iMlv{LL LR) = -ijti^f^^^fbde ^ fadejbce^ ^^^2 q 
lMlv{LL RR) = -ig^ f"^^ COSO + /"^^/''^^(l - COS^ f) + f^dejbcef^i 

iMlv{LR LR) = ig^^f^c'^fbde ^ fadefbce-^ pQg2 Q 
iMlv{LR -> RL) = ig^^f^'^^fbde ^ fadefbce-^ ^^^2 Q 

So for the total amphtudes we have 

L V 1 — cos 6 J V 1 + cos 6 ) 



— sm 



4 9^ 



(42) 



(43) 



iMlr^lr = 2tg' cos' ^ cot ^ (cot ^-nf' + tan ^r'j"'' 



(44) 



iMLR-^RL = tg\l-cos9f 



J ace j:bde _j_ 



ade rbce 



(45) 



S — cos9j \l + cos6'/ 

together with iJ^iL^LR = 0, iM-ll^rr = 0. Thus only three of 16 hehcity amplitudes 
are nonzero. Squaring the matrix elements one can get 



\M 



LL^LLl 



IQg* 



cm 



3 + cos^ 9 
sm^9 



(46) 



\AA 9^ ^2.^N/ 3 + cos^g 



(1 + cos I 



(47) 



(48) 



\MlR^Rl\'^ - ,,^.^2\^ J \ . 4q 

a{G) V sm 

Using these formulas and (fT3!) one can easily get the cross section (138|) . It is also instructive 
to compare the above helicity amplitudes ( |39l) - (l42l) with the corresponding helicity ampli- 
tudes for the tensor gauge bosons fl23l) - fl26l) . The characteristic feature of the squared 
amplitudes (H6|) - (HHI) is that they increase at small angles ~ 0, vr and therefore the scat- 
tering is mostly going into forward and backward directions. In contrast to that behavior 
tensor gauge boson amplitudes fl30l) - fl32l) are decreasing at 6' ~ 0, vr and increasing in the 
transverse direction 9 ~ tt/2. 
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6 Appendix B 



To check on mass-shell gauge invariance of the amplitude (1181) let one of the tensor gauge 
boson wave function be longitudinal: 



On mass-shell gauge transformations should fulfill the following conditions: = 0, q2-Gq2 
0, trcq^ = 0. These equations are satisfied if g2 ■ ^ = and therefore 

^0 = ^1 sin 6* + ^3 cos 6^, 



where ^2 = —sin9, 0, — cos 6'). To see explicitly how the cancelation between diagrams 
takes place let us take the rest of the vector bosons left polarized and one of the tensor 
bosons right polarized. In that case we shall get the following amplitudes: 



iM^"""' = ig'r^r'E cos' 



2 race rbde ] 
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(^0 - 6) cos ^ - (6 + i^2) sin ^ 



iM\7' = ig^r'^'f^'E sin^ - 



(^0 + ^3) sin - - - z6) cos - 



ade fbce 



^jace jbde j^ade j:bce^ 



^jace j:bde _j_ j:ade j:bce\ 



E Ma 



where 



Ml 
M2 
M3 
M4 



ig E cos" 



iq E sm: - 
• 2 



6 9 

(^0 - 6) cos - - (^1 + i^2) sin - 

9 9' 
(^0 + 6) sin - - (6 - ^6) cos - 



— —E sin 9{^i cos 9 — i^2 ~ ^3 sin 1 



E sin 9 cos ^^(^^2 — ^1 cos 9 + C,^ sin ( 



(49) 
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For the total amplitude we shall get 



Ml + Ms + M4 



ade fbce 



+ rj 



M2- M3 + M4 



(50) 



^^y^Zong jace jbde 

and it nullifies if 

Ml + Ms + M4 = 0, M2 - Ms + M4 = (51) 



or, equivalently: Mi + M2 + 2M4 = 0, Mi - M2 + 2Ms = 0. Using explicit expressions dH]) 
one can check that these equations are identically satisfied for arbitrary functions ^1, ^2, ^3- 
The work of (G.S.) was partially supported by ENRAGE (European Network on Ran- 
dom Geometry), Marie Curie Research Training Network, contract MRTN-CT-2004- 005616. 
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